Objective. To evaluate the efficacy and safety of switching from intravenous (IV) tocilizumab (TCZ) to subcutaneous (SC) TCZ monotherapy in rheumatoid arthritis patients. Methods. Patients who had completed 24 weeks of TCZ-SC (162 mg/2 weeks) or TCZ-IV (8 mg/kg/4 weeks) monotherapy in the double-blind period of the MUSASHI study were enrolled in an 84-week open-label extension period. All received TCZ-SC (162 mg/2 weeks) monotherapy. Effects of the IV to SC switch were evaluated at week 36 (12 weeks after switching). Results. Overall, 319 patients received ‡1 dose of TCZ-SC during the open-label extension period; 160 switched from TCZ-IV to TCZ-SC (TCZ IV/SC) and 159 continued TCZ-SC (TCZ SC/SC). Disease Activity Score in 28 joints using the erythrocyte sedimentation rate clinical remission rates were 62.5% (100 of 160) for TCZ IV/SC and 50.0% (79 of 158) for TCZ SC/SC at week 24, and were maintained at 62.5% (100 of 160) and 57.0% (90 of 158), respectively, at week 36. In the TCZ IV/SC group, 9% of patients (9 of 100) who had achieved remission at week 24 could not maintain remission at week 36. In TCZ IV/SC patients weighing ‡70 kg, the percentage with a sufficient serum TCZ concentration ( ‡1 mg/ml) decreased from 90.9% (10 of 11) at week 24 to 45.5% (5 of 11) at week 36. Overall safety profiles were similar in TCZ IV/SC and TCZ SC/SC except for mild injection site reactions in TCZ IV/SC. Conclusion. Efficacy is adequately maintained in most patients switching from TCZ-IV (8 mg/kg/4 weeks) to TCZ-SC (162 mg/2 weeks) monotherapy. Patients receiving TCZ-IV can switch to TCZ-SC without serious safety concerns. Clinical efficacy may be reduced after switching in some patients with high body weight.
INTRODUCTION
Tocilizumab (TCZ) is an antibody that targets the interleukin-6 (IL-6) receptor, which plays a pivotal role in the generation of pathogenic Th17 cells in rheumatoid arthritis (RA) (1) . As an intravenous (IV) formulation, TCZ has already been approved in Japan for the indications of RA, systemic juvenile idiopathic arthritis, polyarticular juvenile idiopathic arthritis, and Castleman's disease. In monotherapy and combination therapy with methotrexate JAPICCTI: 101117. Supported by Chugai Pharmaceutical. or other disease-modifying antirheumatic drugs (DMARDs), TCZ-IV is clinically effective, prevents structural joint damage, and improves physical function (2) (3) (4) (5) (6) (7) (8) .
The phase III multicenter double-blind noninferiority (MUSASHI) study, which compared subcutaneous (SC) with TCZ-IV monotherapy, was performed in Japan from April 2010 to April 2013. This study verified the noninferiority of TCZ-SC 162 mg/2 weeks versus TCZ-IV 8 mg/kg/4 weeks (9) . Furthermore, 2 international phase III studies, SUMMACTA and BREVACTA (10, 11) , which compared TCZ-SC with TCZ-IV or placebo with DMARDs, were performed. These studies verified not only the noninferiority of TCZ-SC 162 mg/2 weeks to TCZ-IV 8 mg/kg/4 weeks, but also compared the superiority of TCZ-SC 162 mg/2 weeks to placebo. Based on these studies, SC formulations have already been approved in Japan, the US, and European countries for the indication of RA.
Understanding the clinical impact of changing formulations from monthly IV administration to biweekly SC injection of TCZ is important with regard to efficacy, safety, and tolerability. To our knowledge, this is the first study to evaluate efficacy, safety, and tolerability in patients switching from weight-tiered-dose TCZ-IV monotherapy to fixed-dose TCZ-SC monotherapy.
PATIENTS AND METHODS
Study design. This study was a phase III randomized, parallel-group, double-dummy trial with a double-blind
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Understanding the clinical impact of changing formulations from monthly weight-tiered-dose intravenous administration of tocilizumab (TCZ) to biweekly fixed-dose subcutaneous injection is important with regard to efficacy and safety. Switching from intravenous to subcutaneous TCZ monotherapy demonstrated the efficacy and safety of TCZ to be maintained in most patients with rheumatoid arthritis, although efficacy was reduced in a few patients with high body weights. Subcutaneous administration of TCZ monotherapy is a potential new therapeutic option for rheumatoid arthritis.
period of 24 weeks (MUSASHI) followed by an open-label extension period of 84 weeks in Japanese patients with RA. The protocol was approved by the Japanese Ministry of Health, Labour and Welfare and the institutional review boards at all study sites. The study was performed in accordance with the ethical standards of the current version of the 1964 Declaration of Helsinki. At enrollment in the double-blind study, signed informed consent was received from participating patients.
Participating patients had shown an inadequate response to methotrexate, DMARDs, or anti-tumor necrosis factor (anti-TNF) inhibitors with active disease at randomization, as previously described (9) . At the start of the double-blind period, patients were randomly assigned to a dosage of 8 mg/kg/4 weeks of TCZ-IV or 162 mg/2 weeks of TCZ-SC. After observations had been completed at the end of the 24-week double-blind period, patients received TCZ-SC 162 mg/2 weeks under open-label conditions for 84 weeks (see Supplementary Figure 1 , available in the online version of this article at http://onlinelibrary.wiley. com/doi/10.1002/acr.22598/abstract). The eligibility criteria for participation in this extension study were described previously (9) . A total of 322 patients completed the double-blind period of the study. Efficacy of the switch from TCZ-IV to TCZ-SC was evaluated at week 36 (at 12 weeks after switching). Safety and immunogenicity were evaluated and reported throughout the open-label extension period.
Efficacy. Disease activity at baseline was monitored every 4 weeks before the first dose in the open-label extension period (the last observation in the double-blind period). Disease activity was evaluated by the Disease Activity Score in 28 joints using the erythrocyte sedimentation rate (DAS28-ESR), Clinical Disease Activity Index (CDAI) scores, and the American College of Rheumatology 20% improvement criteria (ACR20) response rate (12) , for comparison against the baseline, defined as the values at the start of the double-blind period. For the DAS28-ESR, the percentages of patients with low disease activity (DAS28-ESR #3.2) and remission (DAS28-ESR ,2.6) were also calculated. For the CDAI, only the percentage of patients with remission (CDAI #2.8) was calculated.
Safety and immunogenicity. Adverse events and serious adverse events were classified using the Medical Dictionary for Regulatory Activities, version 13.0. All events that were judged by the investigators to have occurred at the injection sites were classified as injection site reactions.
Anti-TCZ antibodies were measured every 4 weeks during the double-blind period, then at week 12 in the extension period. Anti-TCZ antibodies were measured using the 
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Pharmacokinetics. Serum TCZ concentrations were measured using the enzyme-linked immunosorbent assay every 4 weeks throughout the double-blind period and extension period (14) .
Statistical analysis. Efficacy was evaluated for patients who completed the double-blind period and received at least 1 dose of TCZ during the extension period. Missing values in the double-blind period were imputed up to week 24 using the last observation carried forward (LOCF) method, and missing values in the extension period were imputed up to week 36 using the LOCF method. Safety was evaluated for all patients who received at least 1 dose of TCZ during the double-blind period and the extension period.
RESULTS
Patient disposition and baseline characteristics. A total of 322 patients completed the double-blind period of the study. Table 1 shows the baseline characteristics of 319 patients, including 1 patient in the TCZ-SC group who had not completed the double-blind period, who received at least 1 dose of TCZ-SC during the open-label extension period. Of these, 160 patients received TCZ-IV in the double-blind period (TCZ IV/SC group) and 159 received TCZ-SC in the double-blind period (TCZ SC/SC group); 158 patients (98.8%) in the TCZ IV/SC group and 157 (98.7%) in the TCZ SC/SC group continued treatment and completed the observations at week 36 (at 12 weeks after first dosing in the open-label extension period).
Three patients in the TCZ-SC group withdrew from the study after completion of the double-blind period without any administration of open-label TCZ due to adverse event, protocol violation, and refusal of treatment, while 1 patient in the TCZ-IV group withdrew due to adverse events. Two patients in the TCZ IV/SC group withdrew during the open-label extension period, one due to an adverse event and the other due to an inadequate response. Two patients in the TCZ SC/SC group withdrew during the open-label extension period due to an inadequate response. Of 159 patients in the TCZ SC/SC group, 158 were included in the efficacy analysis, while 1 was excluded due to noncompletion of the double-blind period.
Efficacy results. Mean 6 SD DAS28-ESR scores in the TCZ IV/SC group were 2.5 6 1.1 at week 24 and 2.6 6 1.2 at week 36 (12 weeks after switching), while in the TCZ SC/SC group the scores were 2.7 6 1.3 and 2.6 6 1.4, respectively ( Figure 1A ). In addition, mean 6 SD CDAI scores in the TCZ IV/SC group were 8.0 6 7.4 at week 24 and 8.7 6 8.3 at week 36, while in the TCZ SC/SC group they were 9.8 6 8.5 and 9.6 6 10.0, respectively ( Figure  1B ). These results suggest that overall disease control was maintained after switching from TCZ-IV to TCZ-SC in the open-label extension period. ACR20, ACR50, and ACR70 responses in the TCZ IV/SC groups were 88.8%, 68.1%, and 41.3% at week 24 and 85.0%, 66.9%, and 36.9% at week 36, respectively, while in the TCZ SC/SC groups they were 81.6%, 65.8%, and 38.6% and 86.1%, 65.8%, and 39.9%, respectively ( Figure 1C) .
The proportions of patients who achieved DAS28 remission (defined as DAS28-ESR ,2.6) in the TCZ IV/SC group and TCZ SC/SC group were maintained over time from 62.5% (100 of 160) and 50.0% (79 of 158) at week 24 to 62.5% (100 of 160) and 57.0% (90 of 158) at week 36, respectively ( Figure 2A) . The proportion of patients who achieved CDAI clinical remission (CDAI #2.8) or low disease activity (CDAI .2.8 to #10) was also maintained ( Figure 2B ).
The influence of switching from TCZ-IV to TCZ-SC on efficacy was analyzed based on individual patients' dis- ease activity at week 24, which was classified into 3 subcategories. Figure 3 demonstrates the change in DAS-28-ESR response for each category at week 36. In the TCZ IV/SC group, the percentages of patients at week 24 were 62.5% (100 of 160) for clinical remission (DAS28-ESR ,2.6), 20.0% (32 of 160) for low disease activity (DAS28-ESR .2.6 to #3.2), and 17.5% (28 of 160) for moderate or high disease activity (DAS28-ESR .3.2). In patients who had not achieved remission at week 24, 56.3% (18 of 32) in the low disease activity category and 14.3% (4 of 28) in the moderate or high disease activity category achieved clinical remission by week 36. In contrast, in patients who had achieved clinical remission at week 24, 78% (78 of 100) had maintained clinical remission at week 36, but 13% (13 of 100) were classified in the low disease activity category and 9% (9 of 100) in the moderate or high disease activity category. The median body weight in the latter 9 patients was 67.0 kg, numerically higher than the median body weight of 53.5 kg for the other 91 patients. In contrast, the median body weight in 4 patients who had achieved clinical remission at week 24 but were classified in the moderate or high disease activity categories at week 36 was 57.1 kg in the TCZ SC/SC group.
In post hoc analysis, we analyzed the correlation between the efficacy and trough TCZ concentration over 4 body weight categories and 4 body mass index (BMI) categories. Clinical remission rates in the TCZ IV/SC group at week 24 and week 36 in patients stratified by 10-kg increments in Figure 2 . Efficacy evaluation by disease activity category in patients who switched from intravenous to subcutaneous tocilizumab (TCZ IV/SC) and who continued TCZ-SC. A, Disease Activity Score in 28 joints using the erythrocyte sedimentation rate (DAS28-ESR), and B, Clinical Disease Activity Index (CDAI) score. body weight are shown in Figure 4A . In the body weight categories ,70 kg, the clinical remission rate was maintained after switching, while the rate in the heaviest body weight category ($70 kg) decreased from 72.7% (8 of 11) to 27.3% (3 of 11), despite only a few Japanese patients being classified in this highest weight category. In the BMI category of $25 kg/m 2 , the remission rate decreased from 66.7% (14 of 21) to 42.9% (9 of 21) after switching (see Supplementary  Figure 2 , available in the online version of this article at http:// onlinelibrary.wiley.com/doi/10.1002/acr.22598/abstract).
Changes in the C-reactive protein (CRP) level from week 24 to week 36 were also analyzed for clinical estimation of sufficient serum level of TCZ after switching. The percentages of patients with a CRP level #0.05 mg/dl in the TCZ IV/SC group and the TCZ SC/SC group were also maintained from 90.0% (144 of 160) and 87.3% (138 of 158) at week 24 to 83.1% (133 of 160) and 86.7% (137 of 158) at week 36, respectively (see Supplementary Figure 3A , available in the online version of this article at http:// onlinelibrary.wiley.com/doi/10.1002/acr.22598/abstract). In the TCZ IV/SC group, overall, 13.2% (19 of 144) increased to a higher level of CRP (.0.05 mg/dl) at week 36 from a lower level (#0.05 mg/dl) at week 24, while in the heaviest body weight category ($70 kg), 54.5% (6 of 11) increased (see Supplementary Figure 3B , available in the online version of this article at http://onlinelibrary. wiley.com/doi/10.1002/acr.22598/abstract). In contrast, in the TCZ SC/SC group, overall, 5.8% (8 of 138) increased, while in the heaviest category, 0% (0 of 3) increased. These data indicate that the proportion with an increased CRP level among a patient with heavy body weight is greater when switching from TCZ-IV to TCZ-SC than for continuing TCZ-SC.
Pharmacokinetics results. Overall mean 6 SD serum trough TCZ concentrations in patients in the TCZ IV/SC group and TCZ SC/SC group were maintained from 11.4 6 8.3 mg/ml and 9.4 6 8.0 mg/ml at week 24 to 9.2 6 7.5 mg/ml and 9.3 6 7.9 mg/ml at week 36, respectively. The percentages of patients with serum TCZ concentrations $1 mg/ml in the TCZ IV/SC group and the TCZ SC/ SC group were also maintained from 89.4% (143 of 160) and 86.0% (135 of 157) at week 24 to 86.1% (136 of 158) and 87.2% (136 of 156) at week 36, respectively. The percentage of patients in the TCZ IV/SC group who maintained serum TCZ concentrations $1 mg/ml did not differ among any of the weight categories at week 24, while the percentage among the heaviest patients ($70 kg) decreased from 90.9% (10 of 11) at week 24 to 45.5% (5 of 11) at week 36 ( Figure 4B ). In contrast, in the TCZ SC/SC group, the percentage in the heaviest patient category ($70 kg) increased from 40.0% (2 of 5) at week 24 to 83.3% (5 of 6) at week 36. Safety. The incidences of adverse events in the TCZ IV/ SC group and the TCZ SC/SC group during the 12-week period after switching (from week 24 to week 36) were 59.4% (95 of 160) and 57.9% (92 of 159), respectively ( Table 2 ). The most common adverse event was infection, occurring in 27.5% (44 of 160) and 23.9% of patients (38 of 159) in the TCZ IV/SC and TCZ SC/SC groups, respectively. Serious adverse events occurred in 4.4% of patients (7 of 160) in the TCZ IV/SC group and in 2.5% (4 of 159) in the TCZ SC/SC group. These adverse events consisted of pneumonia in 2 patients and mycoplasma pneumonia, joint destruction, arthropathy, deep vein thrombosis, and urinary calculus in 1 patient each from the TCZ IV/SC group. Gastroenteritis, foot deformity, varicose veins, and peripheral embolism occurred in 1 patient each from the TCZ SC/SC group. No anaphylactoid symptoms were seen in either group.
The overall incidence of adverse events in both the TCZ IV/SC group and the TCZ SC/SC group from week 24 to week 36 tended to be lower than in the period from week 0 to week 24, but the incidence of injection site reactions was increased after switching (from week 24 to week 36) in the TCZ IV/SC group ( Table 2 ). The severity of injection site reactions was mild in all instances and no patients withdrew for this reason. The incidence of systemic injection reactions was higher after switching (from week 24 to week 36) in both groups than the incidence from week 12 to week 24, but was lower than the incidence from week 0 to week 12 ( Table 2 ). The overall safety profiles did not differ between the TCZ IV/SC and TCZ SC/SC groups. No new serious safety concerns were seen as a result of switching the route of administration.
Immunogenicity. Anti-TCZ antibody was newly detected after switching in 1 patient in the TCZ IV/SC group, but was detected in none of the patients in the TCZ SC/SC group (Table 2) . However, the efficacy in this patient was maintained after switching. No injection site reactions or anaphylactic reactions were observed in this patient.
DISCUSSION
In patients who participated in the previously reported MUSASHI study (9), we investigated the efficacy and safety of switching from TCZ-IV 8 mg/kg/4 weeks to TCZ-SC 162 mg/2 weeks. We found that overall favorable efficacy of TCZ-IV monotherapy was maintained after switching to TCZ-SC monotherapy, while no new serious safety signals were observed. The safety profile of TCZ-SC after switching from TCZ-IV was consistent with that of TCZ-SC of TCZ-naive patients in the previous study (9) . These results suggest that most patients can be switched from TCZ-IV to TCZ-SC monotherapy with neither efficacy reduction nor safety concerns.
TCZ serum trough concentrations were not sufficiently maintained in patients with a high BMI as previously reported in the MUSASHI study (9) , suggesting that the efficacy of a fixed-dose regimen of TCZ-SC may be reduced in RA patients with high body weights. In the present study, some patients with high body weights ($70 kg) who had achieved remission with TCZ-IV monotherapy could not maintain it after switching. Conversely, the percentage of patients who maintained sufficient trough concentrations of TCZ was decreased after switching, suggesting that the serum trough concentration of TCZ could not be maintained in certain patients with high body weights. It is conceivable that disease activity was increased because IL-6 signal transduction could not be completely inhibited (14) . In contrast, the trough concentration of TCZ and efficacy slightly increased after switching in patients with low body weights (,50 kg). It is noteworthy that only a few Japanese patients were classi- 
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Ogata et al fied into the high body weight group ($70 kg; 11 of 160 in the TCZ IV/SC group). Earlier reports are comparable to the present study. In the phase III BREVACTA study, the efficacy of biweekly administration of TCZ-SC in combination with DMARDs in patients weighing $100 kg was lower than the efficacy in lighter-weight patients (11) . Another phase III SUMMACTA study was designed to prevent the serum concentration of TCZ from decreasing in higher-weight patients, and demonstrated that adequate efficacy of weekly administration of TCZ-SC with DMARDs could be achieved in patients weighing $100 kg (10) . Since TCZ-SC is a fixed-dose regimen, in order to maintain the efficacy, weekly administration of TCZ-SC may be beneficial for restoring a sufficient serum concentration of TCZ in patients with high body weights who have inadequate responses to biweekly TCZ-SC. Weekly administration of TCZ would be expected to be tolerable, because the safety profile of administration of TCZ-SC 162 mg/2 weeks was similar to that of TCZ-IV 8 mg/kg/4 weeks, except for injection site reactions, in the SUMMACTA study (10) and the open-label extension of the MUSASHI study (15) . Further studies are needed to investigate the potential benefits and adverse events of TCZ administered weekly. The overall incidences of adverse events and serious adverse events during treatment with the TCZ-SC regimen of every 2 weeks were similar to or lower than those of TCZ-IV in the double-blind period. No new safety signals were observed after switching from TCZ-IV to TCZ-SC. As predicted, the incidence of injection site reactions after switching to TCZ-SC in the TCZ IV/SC group was slightly increased as compared to that in the TCZ SC/SC group, whereas the number of serious adverse events was low and comparable to that of the TCZ SC/SC group. All injection site reactions were mild, and no events led to discontinuation of treatment. The incidence of injection site reactions after switching from TCZ-IV to TCZ-SC was similar to that of the initial 12 weeks of the blind period in the TCZ SC/SC group. There was no unequivocal diminution of response nor were there any anaphylactic reactions after switching. The slight increase in systemic injection reactions, by only one patient in each group, was considered not clinically significant. These data demonstrate that safety after switching to TCZ-SC is comparable to that of TCZ-IV, and suggest that patients can switch from TCZ-IV to TCZ-SC with no serious safety concerns.
The expressions of antibodies to TCZ may reduce efficacy and systemic reactions to injections of anti-TNF inhibitors would occasionally cause lack of efficacy due to the expression of antidrug antibodies (16) (17) (18) (19) . In a previous study, we found the anti-TCZ antibody frequency to be increased in TCZ-SC patients as compared to TCZ-IV patients in the double-blind setting (9) . In the present study, one patient newly developed anti-TCZ antibody after switching in the TCZ IV/SC group, although this patient experienced neither a reduction of efficacy nor a systemic injection reaction. An earlier report demonstrated the incidence of anti-TCZ antibody to be low, with no difference between TCZ-SC and TCZ-IV, and no correlation was observed between antibody development and either adverse events or clinical responsiveness (10) . Therefore, the immunogenicity potential following switching from TCZ-IV to TCZ-SC monotherapy was considered to be low based on the available data.
High baseline CRP level was identified as one of the predictors of a better response to TCZ therapy in RA (20, 21) . It has been reported that CRP level is normalized when the serum TCZ concentration is $1 mg/ml, because TCZ can be bound to $95% of soluble IL-6 receptors (14) . Serum TCZ concentrations can be indirectly monitored through CRP concentrations, although the serum TCZ concentration is substantially maintained with individual differences. If CRP levels were not normalized after treatment with TCZ, the serum concentration of TCZ would denote therapeutic insufficiency. Therefore, the dose of TCZ should be increased in patients without normalized CRP in the case of an inadequate response in patients with high body weights.
A limitation of the present study is that we did not explore the long-term efficacy and safety of switching from TCZ-IV to TCZ-SC or those of the reverse switching from TCZ-SC to TCZ-IV. Other studies of bidirectional switching between TCZ-SC and TCZ-IV in the real-world setting will provide further information related to sufficient maintenance of the clinical effectiveness of TCZ monotherapy.
In conclusion, the present results indicate that efficacy is adequately maintained in the majority of Japanese RA patients who switch from TCZ-IV 8 mg/kg/4 weeks to TCZ-SC 162 mg/2 weeks, whereas in some patients weighing $70 kg, efficacy might be slightly reduced. Safety was also demonstrated to be consistent with previously published 24-week results of a TCZ-SC monotherapy study. These results suggest that our report provides supportive evidence for TCZ-SC as well as TCZ-IV as being useful options for treating RA.
